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Q. Gao and J. E. Womack
Six loci-CALR, EPOR, JUNB, JUND, CEA, and PRKCG-were assigned to bovine chromosomes using PCR-based hybrid somatic cell analysis. The five genes other than CALR are comparative mapping anchor loci. This study, together with the previous assignment of three anchor loci-INSR, LDLR, APOE-and four other genes-AMH, GPI, RYR1, LHB-defines the conserved synteny relationship between human chromosome 19 and cattle chromosomes 7 and 18. Genes on HSA19p13.3-13.2 are conserved in cattle chromosome 7, while those on HSA19-q13.1-13.4 are conserved in cattle chromosome 18. In contrast, homologous genes from HSA19 are located on four different mouse chromosomes, namely MMU10, MMU8, MMU9, and MMU7. This is further evidence that syntenic conservation between cattle and human generally exceeds that observed between human and mouse.
The rapid development of gene maps in various species has made comparative gene mapping a valuable tool for the study of genome organization and chromosome evolution. Comparative genome analysis is primarily based on the mapping of Individual conserved loci in different spe- Coussens et al. (1986) cies. By this approach the boundaries of genomic conservation between evolutionarily divergent species have been identified (O'Brien et al. 1993a) . One objective of bovine gene mapping is to study mammalian chromosome evolution by mapping genes homologous to those mapped in humans and mice (Womack 1993 
C)
MBBECL -
D)
MBBCEL- distance ranging from 114-126.9 cM (Mohrenweiser et al. 1993) . Presently there are a total of 195 genes mapped to human chromosome 19, 11 of which were selected as comparative anchor loci. Only three anchor loci on HSA19 have been assigned to bovine chromosomes. To further investigate the limits of syntenic conservation among human, cattle, and mouse, as well as to provide evidence for the evolutionary origin of this region of the mammalian genome, six homologous genes including five anchor reference loci on HSA19 were mapped in cattle. These genes are calreticulin (CALR), erythropoietin receptor (EPOR), proto-oncogene (JUNB and JUND), carcinoembryonic antigen (CEA), and protein kinase C, gamma subunit (PRKCG).
Materials and Methods

Preparation of Genomic DNA
The genomic DNAs of the bovine x rodent hybrid somatic cells used in this study were developed by fusion of bovine leukocytes with mutant rodent cell lines as described previously (Womack and Moll 1986) . Genomic DNAs were extracted from hybrid cells and control bovine white blood cells and rodent cells according to the established techniques (Blin and Stafford 1976).
PCR Analysis
PCR primers were designed from either bovine genomic sequences or human coding regions (Table 1) . When the primers were designed from human sequences, alignment of human sequences with homologous genes in another species, usually mouse, was performed to maximize the probability that the primer sets would amplify the same homologous gene in cattle. In this case the forward and backward primers were in adjacent exons whenever possible so that they amplified the fragment containing an intron. The size differences of introns in different species were used to distinguish bovine and rodent fragments. When there is no significant difference in intron size, degenerate primers were designed to prevent the amplification of rodent fragments. PCR reactions were performed in 10 |j.l volume, containing 50 ng of genomic DNA, 0.25 JJ.M of each primer, 10 mM Tris-HCl, 1.5 mM MgCl 2 , 50 mM KC1, 20 JJLM of each dNTP, 0.5 unit Taq polymerase (Boehringer Mannheim). The PCR was initiated at 94°C for 3 min, followed by 30 cycles of 94°C for 30 s, optimum annealing temperature for 30 s, 72°C for 30-60 s. PCR products were electrophoresed on 2% agarose gel containing ethidium bromide and photographed.
Chromosomal Assignment
Presence or absence of bovine-specific fragments was tested in 59 clones of a well-characterized bovine and rodent somatic hybrid cell panel. Segregation patterns of each locus were compared with those of previously assigned markers on each chromosome. The location of each locus was determined by the highest score of concordance.
Results
The chromosomal localization of the six genes homologous to those on HSA19 was determined by PCR analysis of bovine x rodent hybrid somatic cell lines. Representative photographs of agarose-gel electrophoresis are presented in Figure 1 . Concordancy analysis of the six HSA19 genes relative to representative markers on each bovine chromosome placed them on two cattle chromosomes, 7 and 18. CALR, EPOR, JUNB, and JUND, located on the short arm of HSA19, were mapped to cattle chromosome 7, all with 100% concordance with INSR. CEA and PRKCG, located on the long arm of HSA19, were mapped to cattle chromosome 18 with 88% and 90% concordance, respectively (Table 2) .
Discussion
As a consequence of the human genome project, detailed maps as well as extensive sequence information are already available for the human species. The vast information generated In the high-resolution physical map of human chromosomes will not only provide a useful resource for disease gene isolation, but also will accelerate gene mapping in other mammalian species. This study, using sequence information generated in the human genome, refines the comparative relationship between HSA19 and cattle chromosome 7 and 18. The regions of homology presented In this article correspond to those identified by Zoo-FISH (Chowdhary et al. 1996; Hayes 1995; Solinas-Toldo et al. 1995) . Compared to Zoo-FISH experiments, mapping individual type 1 loci, though tedious and time consuming, can provide more information concerning the evolutionary history of bovine and human chromosomes, and the information can be extended to more than two species. The two proto-oncogenes, JUNB and JUND, appear to be syntenic in human in the 19pl3.2 region and they are also linked on mouse chromosome 8 (Mattei et al. 1990 ). The assignment of JUNB and JUND to bovine chromosome 7 suggests the extensive conservation of these two genes at the chromosomal level. The high degree of conservation at the level of amino acid sequence has also been observed between JUNB and JUND across different species (Ryder et al. 1989) . These data strongly suggest the two genes evolved from a single ancestral gene by gene duplication or reverse transcription. The homologous segment among HSA19pl3.3-13.2, BTA7, and MMU8 also includes the structural gene coding for insulin receptor (INSR). Both EPOR and LDLR were mapped to HSA19pl3.3-13.2 and BTA7, but they are closely linked on a separate mouse chromosome, MMU9 (Burdarf et al. 1990) . CALR, in the same subregion as AMH on HSA19pl3.3, was assigned to BTA7 in this experiment, but remains unassigned in mouse. Even though AMH is located on mouse chromosome 10, it is difficult to predict the position of CALR in mouse because of the extensive disruption of mouse chromosomes in this region (Figure 2) .
Degenerate primers are often used to amplify multiple loci concurrently at a low initial annealing temperature (Ledbetter et al. 1990; Welsh and McClelland 1990; Williams et al. 1990) . In this study one degenerate primer pair designated for CEA was used to inhibit the amplification of its rodent counterpart. This primer included three nucleotides at the degenerate site, none of which matched the mouse template at this site. The successful mapping of CEA to bovine chromosome 18 suggests that the use of degenerate primers may be used when the rodent homologue amplifies better than the cattle fragment. It is common to assign genes to syntenic groups with less than perfect (100%) concordance in this panel. Since every chromosome is represented by more than one marker, assignment of a new locus is generally to the syntenic group with which it is most concordant. Imperfect concordance of syntenic markers may be due to either chromosomal aberration in the panel or errors of ascertainment of markers. Minisatellite DNA profiles using the multilocus human probe 33.6 are presented for 27 captive bobcats (Felis rufus) of documented geographic and genetic origins. The results show that 30% of the fingerprinting bands present in males are sex linked. The effect of sex on band sharing was attributed to the presence of malespecific hemizygotic bands belonging to a minisatellite cluster located in the nonrecombinant region of the Y chromosome. A combination of mechanisms might drive the dynamics of minisatellite loci and allow different evolutionary rates depending on the recombinational capability of the chromosomal locations involved. We discuss the utility of sex-linked fingerprinting bands as genetic markers for the study and management of bobcats.
Variable numbers of tandem repeat (VNTR) loci are highly polymorphic and well-dispersed sequences that share a sequence motif that is repeated a variable number of times at each locus (Kuhnlein et al. 1990; Lynch 1988) . A minisatelllte probe representing the repeat unit hybridizes to sequences of the same family and detects simultaneously the hypervariable VNTR at many separate loci (Burke 1989) . The pattern created is considered to be individual specific in outbred populations (Stephens et al. 1992) .
Although a majority of minisatellite loci are autosomal, sex-linked VNTR fragments have been found in birds (Longmire et al. 1991; Millar et al. 1992; Rabenold et al. 1990 Rabenold et al. , 1991 and mammals (Ellegren et al. 1994; Kashi et al. 1990 ). In humans mintsatellites have been found on the X chromosome and the X-Y pairing region (Jeffreys et al. 1991) .
Within the Felidae multilocus DNA fingerprinting has been used to test for paternity in the domestic cat (Jeffreys and Morton 1987) , to study reproductive success and to link genetic similarity with cooperative behavior in lions (Packer et al. 1991) , and to estimate heterozygosity in several feline taxa (Stephens et al. 1992) . Such research has facilitated the development of diagnostic feline-specific VNTR probes (Gilbert et al. 1991) .
The bobcat (Felis rufus) is the most common wildcat in North America and exhibits a discontinuous distribution pattern extending from east to west in the United States and Mexico (Whitaker 1980) . There are no known cases of bottlenecks for the species.
As part of a study to understand paternity and population structure of F. rufus, we discovered the existence of sex-linked DNA fragments. In this article we describe the pattern and implications of this sex linkage.
Materials and Methods
Source of Animals
Twenty-seven bobcats of documented origin (N = 27) from the captive colony lo-
